This paper provides new estimates of a time-varying NAIRU for Germany taking account of the structural break caused by German unification using two alternative estimators, the Kalman-Filter and the partially linear model. Estimating a standard Phillips curve, the sum of coefficients associated with expected inflation is far below unity, whatever measure of expected inflation rates is employed. Therefore, either the NAIRU concept is not applicable to Germany or, as it is our suggestion, one estimates the unemployment rate that is compatible with a tolerable inflation rate of say 2 percent following roughly the inflation target put forward by the European Central Bank. The estimates presented in this paper suggest that the NAIRU compatible with 2 percent inflation in Germany is currently around 7 percent if the definition of unemployment follows the concept of the ILO. In contrast to the consensus in the literature, our estimates suggest furthermore that the NAIRU in Germany has not increased since the early 1990's.
Introduction and Motivation
Starting in 2006 the German economy experienced a cyclical revival which spread to the labor market. Unemployment decreased markedly and regular employment rose. Against this background a debate has taken center stage as to what extent unemployment figures consist on the one hand of merely cyclical components or, on the other hand, is caused by "structural" factors such as the institutional framework governing the labor market (collective bargaining, unemployment benefits, employment protection and the like). In the literature, the "non-accelerating inflation rate of unemployment" (NAIRU) is viewed as a tool to determine the development and current level of "structural", i.e. non-cyclical unemployment and to frame policy discussions.
At first glance the NAIRU appears as a promising candidate for an empirical counterpart of the "natural rate of unemployment". Moreover, its estimation seems straightforward by employing more or less conventional Phillips curves. But as the rich literature of the past four decades already suggests, this view is overoptimistic. By any method, simple or complex, the NAIRU is very hard to determine. As to the simple method, an inspection of a scatter diagram of inflation and unemployment displays that there is no such thing like a stable Phillips curve. A more complex method is to estimate Phillips curves preferably with time-varying parameters and confidence intervals for the estimated NAIRU. However, this procedure suffers from serious problems making the NAIRU subject to considerable arbitrariness, to say the least. Even worse, the whole notion of a NAIRU may be seriously mistaken when the joint behavior of inflation, wage rises and unemployment has deteriorated.
Rather than to embark on a swan song on the NAIRU, in this paper we try to remedy some of the flaws which plagued previous NAIRU estimates for Germany. More precisely, we employ direct measures of inflation expectations stemming from the EC monthly survey and converted from qualitative responses to quantitative estimates of expected inflation rates. Second, we deal with the question of near-rationality during periods of low inflation. Third, we provide state-of-the-art time-varying NAIRU estimates together with confidence intervals. The upshot of our paper will be an assessment of the NAIRU in Germany.
Recently there has been a strong interest in estimating how the NAIRU changes over time.
1 There has been a strong interest in estimating a time-varying NAIRU for some European countries or for the Euro Area as a whole. 2 The literature often applies a Kalman-Filter approach and estimates the time-varying NAIRU as an unobserved state variable. In doing so, various methodological issues have to be resolved 3 which we address in section 5 of this paper. We estimate a Kalman-Filter model for Germany allowing for a structural break due to German unification in the third quarter of 1990. Since the Kalman-Filter estimates do not always converge, we estimate a partially linear model (Robinson 1988 ) with a nonparametric component in time as a simple robust alternative. Our data are for West Germany before unification and for united Germany after unification. We address the issue that a NAIRU in the literal sense of the word does not exist for Germany for the following reason. The concept of NAIRU in its original sense requires an inflation equation in which the coefficient of expected inflation as one of the explanatory variables amounts to unity. However, virtually all empirical studies, estimating a NAIRU for Germany, wind up with a coefficient well below unity. Therefore, this study attempts to estimate a NAIRU even under this reservation by introducing a "tolerable inflation rate". Moreover, we also investigate whether joint estimation of an inflation equation and Okun's law for Germany helps to estimate the NAIRU in a better way.
There seems to be a consensus in the literature that the NAIRU in the Euro Area and in Germany increased both in the 1980's and the 1990's. Our results support this consensus for the 1980's but not for the 1990's. The Kalman-Filter estimates show a slight U-shaped pattern of the NAIRU between 1990 and 2006. However, the time trend is not significant and our preferred estimates show a constant NAIRU since 1990. The remainder of this paper is organized as follows. The next section highlights shortly the development of major macroeconomic variables in Germany, notably inflation rates and unemployment rates. Section 3 provides an extremely brief outline of the theoretical framework of traditional and extended versions of the NAIRU. Section 4 discusses specification issues, such as the calculation of expected inflation rates. Section 5 is devoted to attempts to test for near-rationality and (Hybrid) New Keynesian Phillips curves. Finally, section 6 concludes.
The behaviour of inflation and unemployment in Germany
As a prerequisite of the following considerations the empirical picture of the Phillips curve and the NAIRU is highlighted by the following figures. Figures 1 and 2 display the conventional scatter diagrams for the Phillips curve with the inflation rate of consumer prices and the rate of change of the GDP deflator as the dependent variables, respectively. As can be seen whatever measure of inflation is used the German Phillips curve, if it exists at all, is anything but a stable (vertical) relationship. The evidence for the NAIRU is presented by figures 3 and 4 where inflation rates are replaced by their first differences. The NAIRU is then given by the horizontal line for a value of zero of these differences. Again, there is no such thing as a unique value of the NAIRU, if there is a NAIRU at all. If so, the NAIRU has increased substantially over the past decades and amounts to roughly 8 percent in most recent years. 
Theoretical framework: basics and extensions
The theoretical underpinnings of the NAIRU concept are well documented in the literature. 4 Hence, it may suffice here to very briefly sketch an outline of its framework. The basic specification of the NAIRU refers to a descriptive reduced form of a price and wage equation such as:
(1)
In this notation lower-case letters designate first differences of logarithms. Hence, p t and p t -1 represent current and lagged inflation rates, respectively, and z t is a vector including rates of changes of supply shift variables such as raw material prices and tax wedges. Upper-case letters indicate levels of variables, hence, U t and U* denote the current unemployment rate and a constant natural rate, respectively. The coefficients a(L), b(L) and c(L) are polynomials in the lag operator L, and e is a serially uncorrelated error term. Equation (1) incorporates informally Gordon's (1997) "triangle model" of the NAIRU: Influences stem from the demand side (via U t -U*), the supply side (via z<), and from price rigidities (via a(L)p t -\) and, perhaps even more important, from expected inflation (approximated by adaptive expectations, i.e. a distributed lag of observed inflation rates) which has taken center stage ever since the seminal Friedman-Phelps-hypothesis of the late 1960's. Note further that the supply shocks are assumed to be contemporaneously uncorrelated with unemployment.
If a(l) = 1 the NAIRU can be calculated from equation (1) for stable inflation rates: 5
In the absence of supply shocks (i.e. for z = 0), the NAIRU equals U*. For this case, an estimate of U* can be calculated from the intercept d = b(\)U* of the following regression equation:
U* is referred to as the "no-shock-NAIRU" (Franz/Gordon 1993) . It stands in contrast to a NAIRU concept which takes into account the presence of shocks z / 0. No matter of the specific nature of these exogenous shocks, they give rise to a crucial distinction between a "shock-NAIRU" and a "no-shock-NAIRU" depending on whether inflationary effects stemming from these shocks should be ironed out by higher unemployment. For example, proponents of a no-shock-concept would argue that the resulting transitory increase of inflation -such as in the case of higher indirect taxes -should be disregarded. Allowing for a time-varying NAIRU, U* is replaced by U* with the latter being described by a random walk without drift, for example:
with E(t]t) = 0 and Var(rjt) = a 1 . For a = 0 we obtain the constant NAIRU, whereas for a > 0 the NAIRU is subject to fluctuations. Such fluctuations can be the result of changing explanatory variables not included in equation (1). A time-varying NAIRU can also be driven by hysteresis phenomena such as a dequalification and discouragement of (long-term) unemployed persons.
Referring to hysteresis and to equation (4), the development of Ut* can be described more precisely by
/it~N( 0,<£).
In words, U* is now a "contemporaneous NAIRU", because of its time dependency, whereas U is the "steady-state-NAIRU" or "equilibrium-NAIRU". Inserting equation (5) into equation (1) and rearranging terms yields (A denotes the first difference operator):
Three cases are of interest: 6 (i) Full hysteresis: If <p = 1, then the "level effect" vanishes and there is no such thing like a unique NAIRU.
(ii) No hysteresis: If q> = 0, then the change term AUt drops out and the pure Phillips curve mechanism works.
5 Hence, the term NAIRU -an acronym anyway -is misleading due to a false use of calculus: The absence of a change of inflation is confused with "non-accelerating inflation", i.e. the first order of differentiation of inflation is confused with the second order. 6 See also Franz (1987) and Franz/Gordon (1993).
(iii) Persistence: If 0 < (p <1, both the level and change effect of Ut matter and the contemporaneous NAIRU can drift away from the steady-state-NAIRU. This distinction is not an artifact of the specification of the time path in equation (6) but holds for more generalized versions, too. 7 More importantly, the consequences of hysteresis or persistence for the NAIRU are tremendous. A high level of unemployment today means a higher NAIRU tomorrow, or conversely, a policy reducing successfully unemployment today will partly avoid problems tomorrow. In methodological terms, in the presence of hysteresis or persistence there is a considerable risk of overestimating the NAIRU due to confusing the contemporaneous with the steady-state-NAIRU. A negatively sloped Phillips curve, if it exists, is of special interest because the traditional NAIRU concept breaks down. In the case a < 1, inflation rates do not cancel out in equilibrium (i.e. for stable inflation rates) as it is required by the NAIRU concept. The rationale for a( 1) = 1, i.e. the implication of a long-run vertical Phillips curve is based on the Friedman-Phelps-hypothesis of the late 1960's which claims that workers care about and bargain for real wage increases rather than nominal wage gains. Based on this reasoning it was concluded that the coefficient associated with expected inflationthe latter being represented, as in equation (1), by lagged inflation rates -must be unity. There are two different although not mutually exclusive arguments of why this restriction may not necessarily hold. The first one can be traced back to Sargent (1971) who pointed out that the coefficient on lagged inflation may not be unity even in an accelerationist model of inflation as long as the process of generating inflation is stable (without a unit root). A sum of weights of past inflation rates less than unity must not necessarily reflect incomplete projection of inflation but rather the view that inflation is stationary and its best forecast is an autoregressive process with a stable polynomial, not one where the coefficients sum to one. 8 A second argument of why the controversial number in the Phillips curve may fall short of unity has been brought forward by Akerlof et al. (2000) . The authors refer to "behavioral macroeconomics" and present two hypotheses on why at low inflation there may be a long-run trade-off between output and inflation. The first one is "pure Keynes": workers resist, and firms rarely impose, cuts in nominal pay. Both, low inflation and nominal wage rigidity, then form a major obstacle against a downward adjustment of real wages. 9 On the other hand, there may be a possible benefit of low inflation serving as a lubricant of labor market adjustment. 10 With a little more inflation real wages can adjust (more rapidly) and aggregate unemployment falls. The other argument put forward by Akerlof et al. (2000) is based on the idea that because inflation is not salient when it is low, anticipated future changes in the price level are ignored in wage bargaining. Put differently, the crucial parameter under consideration in the Phillips curve represents a combined effect of how people form expectations and how they use them. At higher inflation, wage bargaining takes expected inflation into account and the Phillips curve may become vertical indeed. At low inflation, workers are (voluntarily) fooled, there is a negatively sloped Phillips curve. While Akerlof et al. (2000) elaborate on a fairly sophisticated theory, the upshot of their hypothesis is that the coefficient in question depends on past inflation experience. This is a testable hypothesis. There are at least two groups of econometric methods which may be considered. The first is to let the data speak, i.e., to estimate the Phillips curve with a time-varying parameter (at least) of the coefficient associated with lagged inflation by, for example, splitting the sample period between low inflation periods and high inflation periods. The second group is based on theoretical considerations and, following Akerlof et al. (2000) , decomposes the coefficient associated with lagged inflation a in two separate influences, i.e., a = 1 -(1 -a)(l -/?), where (1 -a) denotes the fraction of all firms which ignore a fraction (1 -/?) of expected inflation. Hence, if a = /? = 1 we are back to the vertical Phillips curve. But with half a fraction of firms which ignore half of expected inflation, the coefficient a amounts to 0.75, or to 0.56 if "half" is replaced by "two thirds". Moreover, the coefficient a has to be constrained to range between zero and one by, say, using a standard cumulative normal distribution.
The mainstream model presented so far has been challenged by the "New Keynesian Phillips Curve" (NKPC) and the "Hybrid New Keynesian Phillips Curve" (HNKPC), respectively. Both concepts are subject to disagreement: They are "the workhorse for much recent research on monetary policy" (Mankiw 2001 ) on the one hand or "the NKPC enterprise has resulted in a massive empirical failure, perhaps with few parallels in postwar empirical time-series macroeconomics" (Eller/Gordon 2003) on the other hand. In what follows we highlight major differences compared with the mainstream model.
Specification issues
This section is devoted to data analysis. Subsection 4.1 deals with various definitions of inflation and unemployment and, moreover, elaborates on the calculation of expected inflation rates. Subsection 4.2 discusses direct measures of inflation expectations used in this paper.
Measures of inflation and unemployment rates
Even the most simple version of a Phillips curve requires reflections on how to measure important variables such as inflation and unemployment. In addition, data problems stemming from German unification and revisions of national accounts and employment statistics, respectively, have to be taken into account. As will be shown below, the NAIRU estimates are very sensitive to the definition under consideration.
Starting with inflation, both the use of consumer prices as well as the GDP deflator can be justified on theoretical grounds. This holds for the Phillips curve derived either from a non-structural approach, e.g. a reduced form of wage and price equations, or from a structural approach based on explicit models of labor demand and labor supply, respectively. 11 For example, in a wage equation which reflects outcomes of wage bargaining, employers base their considerations on product wages, but employees on consumption wages. Product wages include employers' taxes on labor and contributions to social security and are deflated by sales prices, or, for the aggregate economy, by the GDP deflator for the private, non-agricultural sector (because prices in the governmental and agricultural sector are strongly regulated and, moreover, subject to somewhat erratic fluctua-tions). On the other hand, for employees and the unions the variable of interest in wage bargaining is the consumption wage, i.e. gross wages net of taxes and contributions to social security to be paid by employees and deflated by prices which represent costs of employees' living. Therefore, the estimations of the Phillips curve in the subsequent section will be based on both, the inflation rate of consumer prices as well as on the rate of change of the private, non-agricultural GDP deflator. In addition, whatever definition of inflation is used, we test the significance of a price and tax wedge variable, respectively. These variables have already been introduced in the vector z in equation (1) as "supply shift variables" which can alter the rate of inflation at a given level of excess demand. By the same token, relative imported raw materials prices also constitute a supply shock as is evidenced by the two oil price shocks in 1974 and 1982. The variable which will be used in the regressions below is the inflation rate of raw materials prices minus the inflation rate which corresponds with the dependent variable. Table 1 displays a summary statistic of these and other variables under consideration.
Unemployment is the second variable under consideration. Recall from the theoretical model that it is designed to capture the pressure stemming from the labor market in wage bargaining and, on the other hand, the respective situation on the product market in the price-setting process. Indeed, the whole NAIRU idea is that unemployment is a good measure of pressure in labor markets. Moreover, if the mechanism of tight labor markets causing rising wages will turn out not to be central to the inflation process, the NAIRU framework is seriously damaged. While the unemployment rate in the wage equation may properly capture excess supply on the labor market, it is doubtful whether this holds for a situation of excess labor demand which may be more adequately measured by vacancies. Moreover, the tightness of the product market may be better represented by the capacity utilization rate or detrended output rather than by the unemployment rate. Of course, unemployment and capacity utilization may be (closely) connected via Okun's law but empirical investigations of the Okun curve (as well as of the Beveridge curve which relates unemployment with vacancies) reveal somewhat unstable relationships, to say the least.
12 For this reason, Franz and Gordon (1993) elaborated on a German "Mean-Utilization Rate of Unemployment" (MURU), i.e. the unemployment rate consistent with an average mean utilization rate (of 84.4 per cent of potential output during the time period 1962 to 1990). Obviously, to explain the sense of a MURU to policy makers and to the public is an even more demanding if not unsurmountable obstacle compared with the NAIRU. 
Inflation expectations
The use of distributed lags of actual inflation rates as a proxy for inflation expectations implies testing a combined hypothesis, namely to what extent inflation expectations contribute to an explanation of actual inflation rates, as claimed by the Phillips curve, and whether the proxy for inflation expectation corresponds with true expectations by the economic agents under consideration. Hence, the need for direct measures of inflation expectations is obvious but to meet this requirement is not. a Notes by column number in parentheses. Numbered sources in brackets identified at the end of notes. Inflation rates in columns (1) - (4) and (7) [2] Bundesagentur fiir Arbeit
Basically, two types of direct measures of inflation expectations are available for Germany albeit for a limited time period. The first is the EC monthly survey and rests on asking consumers about their expectations for consumer prices, the second is published by the Center for European Economic Research (ZEW) and relies on a survey among professional forecasters. Both approaches have their merits and problems. At first glance, asking consumers directly seems to provide exactly the information desired. However, in the absence of a strong motivation of respondents to answer correctly, the reliability of those data may be questioned even if the sample is large. 15 On the other hand, professional forecasters may handle the survey questions more seriously. But it is unclear whether their replies are unbiased at any point of time given potential strategic interests. Most importantly, however, these data are available only since December 1991.
16 Therefore we employ the EC monthly survey which starts in 1985.
The EC survey is not designed to give precise quantitative forecasts of inflation but rather is a tendency survey in which the respondents may choose among six categories of responses. The monthly survey for Germany poses the following question ("Question 6") to approximately 2500 consumers:
"By comparison with the past 12 months, how do you expect that consumer prices will develop in the next 12 months? They will... (1) increase more rapidly, (2) increase at the same rate, (3) increase at a slower rate, (4) stay about the same, (5) fall or (6) don't know."
Available time series of the shares of respondents replying to each category start in 1985. An argument in favor of gathering qualitative rather than quantitative data is that consumers are more likely to have an opinion on the direction of future price changes than to give exact forecasts of inflation for a certain period of time.
In this paper quantitative estimates of the expected rates of inflation from these qualitative data are obtained by using a modified Carlson and Parkin-methodology as it is carried out by Gerberding (2001) . In short, the central idea behind the approach by Carlson and Parkin (1975) is to interpret the share of consumers replying to each category 17 as maximum likelihood estimates of areas under the density function of aggregate inflation expectations. 18 The expected value of that density function represents the average inflation rate expected by survey respondents. However, the calculation of the inflation expectations is complicated by the fact that consumer assessments of expected prices in the next 12 months are linked to their perception of price developments during the past year. Therefore the mean expected inflation rate is the product of the mean assessment of price developments in the last 12 months and a factor -calculated using the density function above -which reflects the change in the evaluation of future inflation rates relative to past inflation rates. Gerberding (2001 Gerberding ( , 2007 assumes that respondents correctly perceive the actual rate of inflation at the time they form their expectations. While this assumption is not as innocuous as it may seem, given the misperceptions of inflation rates by consumers at least in Germany in due course of the introduction of the euro, it seems plausible in other time periods of low inflation. 19 Another solution would be the use of the following question of the EC survey, where respondents are asked to condition their replies on their perceptions of current inflation. The exact wording of this question ("Questions") is as follows:
"How do you think that consumer prices have developed over the last 12 months? They have ... (1) risen a lot, (2) risen moderately, (3) risen slightly, (4) stayed about the same, (5) fallen or (6) don't know."
Quantification of inflation expectations is in this case however complicated by the fact that one needs additional information what consumers consider as a "moderate" rate of inflation.
For the period from 1985 to 2006 -except for the years 1991 to 1993 -inflation rates stay in a narrow range between 0 and 3 per cent, i.e. the volatility of price developments in Germany is overall low. A look at the inflation expectations (for the next 12 months)
17 As is common practice, the responses in the category "Don't know" are distributed proportionally among the other categories. 18 The density function is assumed to be a standard normal. See also Gerberding (2001) reveals for the period under observation only small differences to the actual inflation rate at the time the respondents form these expectations. This is especially true for the inflation expectations based on the assumption that consumers correctly perceive the actual inflation rate. Among other things this is caused by the fact that for the period under consideration on average more than half of the respondents (about 52 per cent) reply to category (2) ("prices will increase at the same rate") of "Questionò", that means on average more than half of the consumers expect constant inflation rates. This indicates that the expectations of households are strongly guided by current (and past) price developments. The picture changes only slightly when "Question 5" is additionally considered to calculate inflation expectations, which means giving up the assumption that consumers correctly perceive the actual inflation rate.
Econometric approach
Our empirical goal is to estimate the time-varying NAIRU (TV-NAIRU, for short) for Germany taking account of the structural break induced by German unification. In our empirical analysis, we will use quarterly data for West Germany for the time period 1976:2 to 1990:2 and quarterly data for unified Germany for the time period 1990:3 to 2006:4. All estimated models involve a post unification dummy variable to capture a level shift of German unification, irrespective of whether the coefficient is significant. The literature on estimating a TV-NAIRU typically uses state space models to capture the dynamics of the NAIRU over time. 20 The evolution of the NAIRU over time is modelled by a separate equation for an unobserved state and it is extracted from the data using the Kalman-filter. Studies differ to what extent the structural parameters of the state equation are estimated based on the data and to whether they report confidence bands around the estimated NAIRU. The literature providing Kalman-Filter estimates of the TV-NAIRU for the Euro-zone or for Germany ignores the structural break caused by German unification.
Estimation of the structural parameters of a state space model can be difficult (and is impossible in a number of cases of interest in this paper). Difficulties arise when estimating the variance of the change in one (or more) coefficients and trying to distinguish time trends in various explantory variables from the change in coefficients. Gordon (1997 Gordon ( , 1998 Gordon ( , 2006 and Staiger et al. (1997a,b) for the seminal contributions. Among many others, Laubach (2001) , Fabiani/Mestre (2001 ), Franz (2005 , Logeay/Tober (2006 , and Schumacher (2007) involve applications of this concept to European data. 21 Some studies did not attempt to estimate the variance of the change in coefficients or obtainted implausible results, see Gordon (1997 , 1998 ) or Franz (2005 . 22 See Staiger et al., 1997a,b. 23 See Staiger et al. (1997a,b) , Stock/Watson (1998) and Laubach (2001) . Stock/Watson (1998) develop a median unbiased estimator of this variance, which is not used in this paper. When we obtain a variance estimate close to zero for our application, we will see that it is typically plausible that the true variance is very small or even exactly zero. In some cases, however, we have the opposite problem, namely, we obtain variance estimates which tend to infinity and which yield incredible variations in the TV-NAIRU, see below.
gested in the literature, 24 that more precise estimation is feasible by adding equations to the state-space system of estimated equations. In addition to the inflation equation, studies add a stationary model in the unemployment gap (= U t -U*, i.e. the difference between actual unemployment rate and TV-NAIRU) or a dynamic version of Okun's law. 25 Because of the severe practical estimation problems involved, we suggest a second, more robust semiparametric estimator for a TV-NAIRU based on the semiparametric estimator of the partially linear model introduced by Robinson (1988) . This estimator involves a smooth kernel regression in time which, after appropriate transformation, describes the evolution of the TV-NAIRU. While this semiparametric estimator provides a robust estimate for all cases considered in this paper, the estimation of structural parameters of a state space model proves infeasible in some cases.
In the following, we first discuss cointegration issues (5.1) and then in subsection5.2 the results of unit root tests for the unemployment rate and for CPI inflation. These tests are important for the specification of the estimated state space models. Then, we describe the details of the two estimation approaches taken in this paper.
Cointegration issues
Conventional Phillips curve estimates in the spirit of equation (2) are subject to the criticism stemming from omitted considerations about cointegration issues. 26 More precisely, when inflation and unemployment are cointegrated, i.e. the linear combination of their time series is stationary, a regression consisting entirely of differenced data will be misspecified and a regression consisting entirely of undifferenced data will omit important constraints. 27
To begin with, an elaboration on this issue requires firstly an inspection of the order of integration of the time series under consideration. 28 If inflation is stationary, then no vertical Phillips curve can exist; but there may be a short-run one. If inflation is 1(1), the NAIRU conception may hold depending on whether unemployment is 1(1). If inflation is 1(1) and unemployment is also 1(1), the outcome depends on whether cointegration exists between both variables. If so, then a long-run Phillips curve may exist. If not, there is no long-run Phillips curve, but there may be a short-run relationship and filtering out the persistent component of unemployment (which is unrelated to inflation) has some merits.
While these methodological considerations deserve attention, one should resist the temptation to place too much emphasis on them. The Phillips curve is not simply a relationship between inflation and unemployment but is augmented by several variables. Besides this, other variables, not included in the Phillips curve framework but important, may govern variables such as inflation which is influenced by the development of monetary aggregates. Similar arguments hold for unemployment. If so, the Phillips curve can be consistent with a variety of orders of integration which puts the above considerations into question. 29 Moreover and strictly speaking, the unemployment rate cannot be 1(1) since it is a bounded variable. However, it is often claimed that this property serves "as a useful approximation to reality within the bounds" (Schreiber and Wolters (2007) ). For all practical purposes, 1 (1) is what ADF-tests display for the unemployment rate in (West) Germany. Even so, some scepticism remains about the appropriateness of such generalizations. If we stay with an unemployment rate of order 1(1) nevertheless, the next relevant question is whether inflation has an order of integration of at least 1(1). Again, I ( 1) is what ADF tests for Germany typically reveal (despite the high reputation of the Deutsche Bundesbank). 30 Hence, a test for cointegration is in order. This can be carried out by the Johansen procedure as has been done by Schreiber and Wolters (2007) or as in Franz (2003) by a residual-based cointegration test where the residuals from the static Phillips curve regression are taken in a second step to carry out an ADF-type regression testing for a unit root in the residuals. In the presence of a unit root (this is the null hypothesis), i.e. in the absence of stationarity, absence of cointegration cannot be rejected. Lack of space prohibits to present all the results and the reader is referred to subsection 5.1 and, moreover, to Schreiber and Wolters (2007) or Franz (2003) . In short, the results are rather mixed but cointegration cannot be rejected. Table 2 reports the results of unit root tests for the unemployment rate and for CPI inflation. The results for the level of the unemployment rate suggests that the null of a unit root cannot be rejected. The same test for the change in the unemployment rate can be decisively rejected at a significance level of 5 percent. Thus, in accordance with previous evidence (Schreiber/Wolters 2007 , or Franz 2003 , Ut seems an 1(1) variable. We conclude that it would be inappropriate to specify the TV-NAIRU as an 1(2) variable because the unemployment rate is an 1(1) variable. This is partly in contrast to Laubach (2001) , Fabiani and Mestre (2001) , and Schumacher (2007) , who estimate the TV-NAIRU as an 1(2) variable. We specify the TV-NAIRU as an 1(1) variable. For the inflation rate the evidence is more mixed. While the augmented weighted symmetric T test and the Phillips-Perron test show a significant rejection of the null of a unit root, the augmented Dickey-Fuller test does not show a rejection. Results are not as clear as for the unemployment rate, but the literature suggests that the augmented weighted symmetric t test has more power than the augmented Dickey-Fuller test. We conclude that there is not sufficient evidence for a unit root in the inflation rates. Thus, most of our estimated specifications involve a stationary model for the inflation rates.
Unit root tests

State space model and Kalman-Filter
We estimate versions of the following state space model. Observation equation for inflation rate:
where [it and et are independent and stationary error terms over time. Because the unemployment rate seems to be an 1(1) variable, we specify U* as an 1(1) variable in the state equation. Because there is no compelling evidence for a unit root in pt, we leave it to the data to decide whether the lag order polynomial a(L) involves a unit root. Anticipating our results, note that our estimation results reject a unit root in a(L). Therefore, we will calibrate the TV-NAIRU based on a tolerable annualized inflation rate of 2 percent.
We further investigate whether estimating jointly two observation equations, one for the inflation rate as above and one for a dynamic version of Okun's law, can improve the precision of our TV-NAIRU estimates. Formally, we estimate equations (7) and (8) together with where the output gap (yt -y*) is the difference between log gdp and trend gdp, where the latter is estimated using the Hodrick-Prescott-Filter. We estimate the structural parameters a(L), b(L), c, a^, of (and <xj, Cov{et,vt)) by Maximum likelihood and Kalman-filtering. We report the estimated smooth NAIRU based on the full subsample for which the model is estimated. Our estimation approach accounts for the structural break caused by German unification in the following. We allow for a dummy variable for the post unification period 1990:3-2006:4 in all equations and we run the Kalman-Filter separately for the time period before and after unification. All structural parameters are assumed constant over both time periods, expect for the variance of the change in the TV-NAIRU, er^, which we allow to differ. We add the log likelihood of the separate Kalman-Filter models before and after unification and we maximize it as a function of the structural parameters. The Kalman-Filter is initialized as follows: We estimate the inflation equation based on OLS with a third order polynomial in time. We estimate the average intercept for the first four years of data and transform it to obtain a prior estimate for the NAIRU and for its variance. Since we only report smoothed Kalman-Filter estimates based on the entire subsample used the choice of the priors is of little importance for the final estimates. We add the transformed coefficient for the post unification dummy (in the inflation equation) to the NAIRU in 1990:2 to start the Kalman-Filter in 1990:3 for the second subsample.
In order to assess the precision of our TV-NAIRU, we estimate confidence intervals taking account of both sources of the estimation error (Hamilton 1994, chapter 13.7). First, we need to take account of the estimation error in the estimated structural parameters.
pt = a(L)pt-1 -b(L)(Ut -Uf) + czt + e,
State equation for TV-NAIRU:
ur = ur-1 +fit
(8)
We obtain this part of the estimation error through a parametric bootstrap (simulation method) by resampling from the asymptotic distribution of the estimated parameters. 31 Our reported estimates are based on 300 resamples. Second, the Kalman-Filter extraction involves a prediction error for the unobserved state variable, the TV-NAIRU. The mean squared error of this prediction error has to be added to the variance component due to the estimation error in the structural parameters. Fabiani and Mestre (2001) only take account of the first dimension of the estimation error and the study reports very narrow confidence intervals around the TV-NAIRU. Laubach (2001) estimates both dimensions and obtains very wide confidence bands. Schumacher (2007) shows the importance to take account of both dimensions in a Kalman-Filter framework. However, note that the necessity to take account of the prediction error inherent in the Kalman-Filter arises only when one literally wants to account for the randomness in/it in equation (8).
If the Kalman-Filter were viewed a means to obtain smoothed estimates of a 'true' flexible time trend in Ut*, then one would only need to take account of the first part of the estimation error induced by the estimation of the structural parameter and the prediction error from the Kalman-Filter could be ignored.
Note that the estimated sampling uncertainty for the estimator of the TV-NAIRU suggested in the next subsection implicitly only involves the first source of the estimation error in a Kalman-Filter framework. This has to be kept in mind when comparing the estimated confidence bands for the estimated TV-NAIRU.
Partially linear model
We suggest estimating a simple semiparametric, partially linear model of
pt = a(L)pt-\ -b(L)U, + cz, + g(t) + e,
as a robust alternative for estimating the TV-NAIRU. g(t) is specified as a smooth function of time. We use the semiparametric root-N-consistent estimator by Robinson (1988) to obtain the coefficient estimates for a(L), b(L), and c after differencing out the variable specific time trend (estimated through variable specific kernel regressions on time) from the left-hand-side variable and all regressors. g(t) is then estimated based on the 'residual' obtained when plugging in the nonparametric time trends of all variables into the linear part of the regression. 32 Finally, the estimated g(t) is divided by ¿(1) and adjusted for the tolerable annual inflation rate of 2 percent to obtain the TV-NAIRU. The bandwidth is chosen by a cross-validation procedure where the predictions at time t are based on observations which are more than four quarters apart (leave blocks of two years around a single observation out because of the lags in the estimated equation). This cross-validation procedure works well for all models with the quarterly inflation rate of consumer prices (DCPI) as dependent variable. However, the procedure yields implausibly small values for the bandwidths (and TV-NAIRUs with wide swings) when the annual inflation rate (fourth difference in logs) is used. In light of these difficulties, the models for the annual inflation rate do not seem well specified. For these models, we use the bandwidths from cross-validation of the corresponding models estimated for the quarterly inflation rates to obtain comparable results.
Based on the asymptotic distribution results, inference is just based on the estimation error in the final estimation step. For the estimate of the variance-covariance of the coefficient estimates, one can ignore the estimation error in the first stage estimation of the nonparametric time trend in the left-hand-side variable and in all regressors. Vice versa, for the asymptotic distribution of the estimated g(t), one can ignore the estimation error of the coefficient estimates. Therefore, we use here a standard heteroscedasticity consistent estimate of the estimation error in the kernel regression in the third stage.
Estimation results
In order to operationalize the NAIRU, we allow for a tolerable annual inflation rate of 2 percent when estimation does not impose a unit root in the inflation rate. Furthermore, all supply shock variables z, in the augmented Phillips curve model are calculated as deviations from their sample means. Our estimated models include the following supply shock variables (see Furthermore, we added as additional regressor the change in the tax wedge between total compensation and net earnings of the workers as additional supply shock variable. However, this wedge never proves signficantly positive and, in most cases, it shows an insignificant coefficient. Thus, we do not report results including this variable. We do not use the contemporaneous unemployment rate in the Phillips curve equation because it is likely to be jointly determined with the current inflation rate. The choice of lag order for lagged regressors is driven mainly by significance of individual t-statistics.
For the inflation equation, we include all lags of the inflation rates up to the last significant one. When only one lag of the unemployment rate is included, we use that lag with the highest t-statistic for the negative coefficient. In the specification allowing for persistence or hysteresis of the unemployment effect, we include the level of the unemployment rate lagged once and the first four lags of the change in the unemployment rate. The estimation of Okun's law uses a distributed lag in the unemployment rate and in the output gap.
Both equations involve quarterly dummy variables to capture seasonal effects. These dummy variables are centered such that the coefficients of the four quarter sum up to zero. The inflation equation also involves a dummy variable for the post unification period which is incorporated in the estimated TV-NAIRU. The specification of Okun's law also allows for a separate intercept and a dummy variable for the post unification period. However, the intercept and the post unification dummy in Okun's law do not enter our estimates for the TV-NAIRU, i.e. Okun's law is only used for pinning down the change in the TV-NAIRU over time but not its level. The reason for this is twofold. First, we want to base the level of the TV-NAIRU solely on the estimated Phillips curve. Second, the notion of a tolerable inflation rate cannot be linked in a natural way to the specification of Okun's law. In total, we report the results of the six estimated model specifications described in table 4.
Detailed estimation results and graphical representations of the estimated TV-NAIRU with 90 percent-confidence bands are provided in the appendix. Further detailed estima- Notes: Models 1-3 and 5 are estimated both using Kalman-Filter and as partially linear models. For models 4, we only report the results of the partially linear models because the Kalman-Filter estimates did not converge properly or the results turned out implausible. Model 6 represents OLS estimates. tion results can be found in the earlier longer discussion paper version of this paper Fitzenberger, Franz and Bode (2007) -henceforth denoted as FFB07. In this paper, we report results for the following three different estimates for each model specification.
Estimates
A The first estimate labelled 'Different variances before/after unification' provides the estimates of the state space model just for the Phillips curve assuming different variances in the state equation o^ before and after unification. B The second estimate labelled 'Output gap and different variances' involves the joint estimation of the Phillips curve as for A and of Okun's law. C The third estimate labelled 'Partially linear model' involves the semiparametric estimate of the Phillips curve. For the Kalman-Filter estimates, we found compelling evidence for different variances before and after unification as in estimate A. Detailed results for the estimates imposing equality of the variance before and after unification are available in FFB07. Here, we restrict ourselves to estimates A and B.
Tables 6, 7, and 8 provide detailed parameter estimates of the six estimated models. Figure 5 involves the estimated TV-NAIRU's. Due to space considerations, the tables only report one of the three estimates for all model specifications. For the Kalman-Filter estimates, we report the estimates for the inflation equation only (except for model 1, for which table 7 also reports the estimated parameters for the joint estimation of the inflation equation and Okun's law). Our discussion of results will focus on estimates A and C. For model 4, only estimate C provides reasonable results. For the reported models (except for model 4), there is no evidence for remaining autocorrelation in the residuals of the estimated model (see Ljung-Box statistics in tables6, 7, and 8). 
Estimate for Basic Phillips Curve with TV-NAIRU (Model 1)
Model 1 involves a specification of the Phillips curve using only the unemployment rate lagged by three quarters but no distributed lag in the changes of the unemployment rate. Furthermore, we include the supply shock variables price wedge, wedge for raw materials, and productivity variable 9t. Estimate A shows a highly significant negative coefficient estimate for the unemployment rate of -.52. 34 The coefficients of the lagged inflation rate sum up to .51 and are significantly less than one. Thus, a specification with a unit root is not warranted. The price wedge and the wedge for raw materials show significantly positive coefficients. The variance of the change in the TV-NAIRU is estimated as to .082 before unification and exactly 0 after unification. The variance before unification shows a large standard error of .064. 35 The graphical representations of the estimated TV-NAIRU show an increase of the TV-NAIRU from around 3 percent in the mid 1970's to around 6 percent in 1990. After unification, the constant TV-NAIRU (constancy is implied by the estimate of a zero variance) lies at about 7 percent. The confidence bands around the TV-NAIRU are quite wide reflecting the imprecision of the variance estimates.
The productivity variable 6t shows a significantly negative coefficient which is in accordance with the literature (Gordon 1998 , Dew-Becker/Gordon 2005 . Thus, a positive productivity shock reduces the inflation pressure. Otherwise, the estimated coefficients of the model and the TV-NAIRU are very similar to a model specified without the productivity variable, see FFB07 for details.
Estimate B for model 1 also includes the estimation of Okun's law (compare the second column in table 6 with table 7) . In contrast to arguments in the literature (Laubach 2001 or Schumacher 2007 , estimating such a joint model neither helps to pin down the TV-NAIRU more precisely nor to avoid a problem of estimating a zero variance. The estimated coefficients and the standard error of the variance estimate are quite similar to estimate A. However, the confidence band around the TV-NAIRU proves much wider for this estimate, especially after unification. Thus, the uncertainty increases when using two equations for Kalman-filtering.
Estimate C for model 1 involves the partially linear model. Compared to A and B, the TV-NAIRU is estimated with a much narrower confidence band and the level of the TV-NAIRU is somewhat higher for the late 1970's but quite similar afterwards. Thus, the estimated TV-NAIRU are very similar for estimates A-C after the initialization period of the Kalman-Filter estimates (subject to the estimation error involved). Note that one should not be mislead by the higher precision of the TV-NAIRU estimates for the partially linear model. In contrast to the Kalman-Filter estimates, the partially linear model does not involve the prediction error from the state equation, i.e. the confidence bands for this estimator only involve the parameter uncertainty. We now turn to discuss shortly the results of models 2 to 6. 6.1.3 Imposing unit root for textbook NAIRU Model 2 imposes that the coefficients of the lagged inflation rate sum up to one. As discussed above, this restriction is not justified by the data and the estimation of the state space models yields implausible results (graphical results on this can be found in FFB07). The coefficient of the unemployment rate is small and not significant. The estimated TV-NAIRU is meaningless with huge confidence bands. Estimate C yields somewhat more plausible results, which, however, also differ considerably from model 1. We conclude that it is not appropriate to restrict the coefficients of the lagged inflation rate to sum up to one.
Benchmark model
Model 3 extends model 1 in allowing for lagged changes of the unemployment rate to affect the inflation rate in order to test for persistence and hysteresis in the Phillips curve. The lagged unemployment rate proves again highly significant and of quite similar magnitude as in model 1. Nevertheless, the lagged changes of the unemployment rate are significant as well, thus implying strong deviations of the NAIRU from its long-run value. The estimation of the state space model results in a smaller, but positive variance estimate also after unification. As estimated TV-NAIRU, we only report the long-run value based on the coefficient estimate for the lagged unemployment rate. The estimated TV-NAIRU is quite similar as in model 1. However, there are two small noticeable differences. The NAIRU is slighter higher in the 1970's and it is not constant any more after unification because of the small positive variance. In fact, similar to the partially linear model, the TV-NAIRU now shows a decline in the 1990's until about the year 2000 and an increase between 2000 an 2006. However, these changes lie within the estimated confidence band.
Using inflation expectations
Model 4 estimates model 3 for the annual inflation rate defined as the difference between the current CPI and the CPI lagged four quarters for the restricted time period 1987:2 to 2004:4 for which data on the lagged inflation expectations are available. Instead of lagged inflation rates, model 4 uses explicitly the lagged inflation expectations as regressor variable. The inflation expectations involve expectations for 12 months, which is the reason why we now estimate the model based on annual inflation rates. Unfortunately, the state space model does not provide reasonable results for model 4. The variances of the state equations tend to infinity whatever reasonable restrictions imposed. Thus, we report the results of the partially linear model (estimate C) only. There were, however, also problems with the partially linear model in these cases, because the cross validation procedure yielded implausibly small bandwidths. Therefore, we used the same bandwidths as for model 3. Estimate C of model 4 yields the very low coefficient on the inflation expectations .161 which differs significantly from one. The coefficient on the lagged unemployment rate is quite high in absolute value and significantly negative.
We also estimate a model analogous to model 4 which uses the current inflation expectations as regressor, i.e. the expectation for the future 12 months (details can be found in FFB07). This model is in line with the New Keynesian Phillips curve. The coefficient on inflation expectations is fairly high with a value of .703. This reflects the fact that inflation expectations are calibrated based on the current inflation rate, see discussion above. The estimated effect of the level of unemployment is very small and insignificant. Correspondingly, no reasonable TV-NAIRU can be estimated.
Thus, we have to conclude that using inflation expectations does not help to estimate a Phillips cuve and the TV-NAIRU in a more satisfactory way than using lagged inflation rates. This is not a route to rescue a Phillips curve specified in the difference in actual inflation minus expected inflation.
Accounting for near rationality
Model 5 extends the benchmark model 3 by interacting the lagged unemployment rate with dummy variables that expected inflation lies between 1 and 2 percent or below 1 percent. The expected inflation is obtained as the fit of an OLS regression of inflation on its five lags, quarter dummy variables, and a third order polynomial in time. The fit of this variable closely tracks actual inflation. Inspired by the near rationality hypothesis in Akerlof (2002) , model 5 is a heuristic way to test whether the Phillips curve becomes flatter when inflation lies below the tolerable inflation rate of 2 percent. In fact, we find that the evidence is in favor of this argument because the interaction terms introduced shows significantly positive coefficients and the coefficient is even larger for expected inflation below 1 percent compared to 1-2 percent. Correspondingly, the coefficient on the lagged unemployment rate is slightly larger in absolute value than estimated for model 3. The estimated TV-NAIRU for model 5, however, is again very similar to model 3. Thus, near rationality does not seem to have a substantial effect on the TV-NAIRU, which is calibrated at a tolerable inflation rate of 2 percent.
Constant post unification NAIRU
There is some evidence for an almost constant TV-NAIRU after unification and the confidence bands around the TV-NAIRU are fairly wide. Therefore, model 6 reestimates model 3 of a Phillips curve for the post unification period with constant coefficients by OLS. The estimated coefficients are quite similar to model 3. In particular, this holds for the sum of coefficients on the lagged inflation rates and the coefficient on the lagged level of the unemployment rate. Correspondingly, we obtain a constant NAIRU of around 7.2 percent based on model 6. The estimation error, however, is quite large which the width of the 90 percent-confidence band being around 1 percentage point.
Summary of results
If one is willing to operationalize the TV-NAIRU at a tolerable inflation rate of 2 percent, it is possible to estimate a TV-NAIRU using a state space model for the entire sample period accounting for German unification. Estimates on a partially linear model provide similar point estimates for the TV-NAIRU during most of the time period. The TV-NAIRU for the ILO unemployment rate lies between 7 and 8 percent for post unification Germany. Estimation of a Phillips curve with the coefficients on the lagged inflation rates summing up to one is not supported by the data. Estimation of the state space models involves numerical problems when restricting the time period to the period for which inflation expectations are available and it is not possible to estimate a TV-NAIRU this way. Based on the partially linear model, lagged inflation expectations do not show a coefficient even close to one and the estimated TV-NAIRU is of similar size as for the model with lagged inflation rates. Estimation of a Phillips curve using current inflation expectations inspired by the New Keynesian Phillips curve did not prove successful. In accordance with Akerlof's (2002) near rationality hypothesis, we find evidence for a flatter Phillips curve when inflation is low. However, this leaves our estimated TV-NAIRU basically unaffected. We cannot determine precisely in a statistical sense whether the TV-NAIRU has been constant since German unification. However, the evidence does not show a secular increase of the NAIRU since 1990 which is in contrast to the trends before 1990. This result is somewhat surprising in light of the upward trend in unemployment since 1990. Assuming a constant NAIRU after 1990 would result in a NAIRU estimate of 7.2 percent for the ILO unemployment rate.
Final remarks
By any measure, simple or complex, the NAIRU is very hard to determine and this holds especially for Germany. We provide estimates of a time-varying NAIRU taking account of the structural break caused by German unification based on the Kalman-Filter and on a partially linear model as two estimation alternatives. The estimates presented in this paper suggest that the NAIRU in Germany is currently around 7 percent if the definition of unemployment follows the concept of the ILO or some 9 percent if measured according to the procedure applied by the German Federal Labor Agency. In contrast to the consensus in the literature, our estimates suggest furthermore that the NAIRU in Germany has not increased since the early 1990's.
Even though the estimate of 7 percent for 2006 is in line with other estimates in the literature, some important caveats apply. The most disturbing fact is that the sum of coefficients associated with expected inflation lies far below unity whatever measure of expected inflation rates is employed, i.e. survey data or lags of inflation rates. Therefore, either the textbook NAIRU concept cannot be applied to Germany or one has to make use of a tolerable inflation rate as it is done in this paper with a number of 2 percent following roughly the figures put forward by the European Central Bank. Under these caveats some interesting features of the NAIRU for Germany emerge from our estimates. The NAIRU depends on supply shocks such as changes in the relative import prices of raw materials and changes of the price wedge between consumption prices and the GDP deflator as well as deviations of actual productivity changes from their trend values. Furthermore, there is evidence for persistence effects of unemployment (but not for full hysteresis). Also, we find some support for near rationality in the sense that the impact of the expected inflation rate is positively related to its size. Specifically, the Phillips curve becomes the steeper the higher the expected inflation rate. Taken together, there is every reason to use the NAIRU only as one of the tools to determine the unobservable natural rate of unemployment. On the positive side, we provide evidence that our estimated NAIRU for Germany at a tolerable inflation rate of 2 percent has remained fairly stable since the early 1990's.
